Abstract. This paper addresses the exploitation of the field emitting properties of carbon nanotubes for movement sensor applications. To utilize this transducer principle a well defined gap between the field emitting carbon nanotubes and the counter electrode must be formed. Three different methods to dissect the dielectrophoretically deposited carbon nanotubes in a reproducible way are presented.
INTRODUCTION
The detection of small movements is one of the main applications for mircoelecromechanical systems (MEMS). Commercially available MEMS-based movement sensors are using capacitive, piezoresistive or piezoeletrical transducer principles. To achieve a higher sensitivity and higher operation frequencies with these principles, plenty of efforts to improve the already well-engineered manufacturing processes are needed. In case of a capacitive movement sensor a higher stiffness of the micromechanical springs is necessary to obtain higher operating frequencies. Stiff micromechanical springs result in a smaller movement range and therefore in smaller electrode gaps between the moving electrodes. Alternatively the same goal can be achieved by the integration of carbon nanotubes (CNTs) into MEMS. In consequence of their physical properties, CNTs propose a variety of new applications in electronic and sensor devices [1] . Besides the electrical, thermal and mechanical properties the field emission properties are of particular interest. Due to the unique geometry of the CNTs, the electric field strength reaches very high values on their tips [2] . The field emission starts at field strength of approximately 1 Volt per micrometer with a very high slope [3] . These field emission properties open new approaches for different devices for scanning electron microscopy, electron beam lithography and field emission displays [3, 4, 5] . In this work we demonstrate an approach to exploit the field emission properties for movement sensor applications. One important step for this transducer principle is the formation of a well defined gab between a CNT and the counter electrode. Fig. 1 illustrates a possible sensor principle. 
II. EXPERIMENTAL
To form the gap where the field emission takes place, different technologies like electrically induced thermal breakdown (EITB), focused ion beam and photolithographic structuring were studied. The realizable gap sizes were compared and the field emitting properties in dependence of the dissection method investigated. For the CNT deposition we used a special designed microfluidic setup. The dispersion volume, flow rate and dielectrophoresis duration were varied. The applied voltage was fixed at 5 V pp and the frequency was fixed to 10 MHz. The water based CNT dispersion contained approximately 0,0025 wt% single walled CNT. To reduce the contact resistance between the CNTs and the electrodes, an annealing step after the deposition was performed. For the electrically induced thermal breakdown a remotely operated source measure unit was used. At a pressure of approximately 10 -5 mbar and under normal conditions a raising voltage was applied. The abort criterion was a jump over several orders of magnitude in the static resistance measurement into the device specific upper measure limit. For the focused ion beam (FIB) based ± WK ,QWHUQDWLRQDO 0XOWL &RQIHUHQFH RQ 6\VWHPV 6LJQDOV DQG 'HYLFHV structuring a beam of gallium ions cut the CNTs and the underlying silicon dioxide in a previously defined pattern. In case of the photolithographic method a 500 nm SiO 2 layer was deposited on the electrodes and the CNTs using plasma enhanced chemical vapor deposition (PECVD). After the SiO 2 deposition 600 nm deep trenches were formed by an anisotropic dry etch process. To move the sidewalls and to bare the CNT endings 50 nm of the SiO 2 were wet etched.
III. RESULTS
Three different methods were used to form the gap between the electrodes and the CNTs. The CNT dissection by a focused ion beam was performed to investigate fundamental properties and is shown in The FIB preparation itself is very time consuming and therefore not applicable for a wafer level process. Du to these circumstances the focus of this work lays on other methods to form the gap. In Fig. 3 the result of the electrically induced thermal breakdown is shown. The contact between the CNTs and the upper electrode was destroyed after the gap formation procedure. The arrow and the dotted line show the gap. The connections between the lower electrode and the CNTs are intact so that the maximum field strength for the field emission emerges between the CNTs tips and the upper electrode. The average gap size of the shown sample is approximately 200 nm and is controllable by the atmospheric conditions, the applied voltage and its slope during the breakdown. In the shown sample the breakdown was performed at a pressure of 10 -5 mbar. To record the process after each step of the applied voltage an electrical resistance measurement at 100 mV was performed. The I-V curve of the electrically induced thermal breakdown and the electrical resistance measurement is given in Fig. 4 . Operated at a pressure of 10 -5 mbar the sample presented in Fig. 2 shows an electrical behavior which is displayed in Fig. 5 . At a threshold voltage of approximately 1.5 V the current raised with a high slope. The I-V curve of the three sequent measurements shows a strong dependency on the applied voltage or the electric field strength. To protect the sample the voltage was limited to 1.9 V. 
IV. CONCLUSION
In summary we demonstrated how to structure deposited CNTs and make them applicable for field emission based movement sensors. For the CNT dissection the focus was on the thermally induced breakdown. At a pressure of 10 -5 mbar a field emitted current could be observed. In Tab. 1 the gap sizes and the time consumption of the investigated methods are listed. The time consumption of the photolithographic method must be put into perspective by the fact that all the CNTs deposited on a complete wafer can be structured simultaneously while the focused ion beam and the electrically induced breakdown can only be applied on one electrode pair.
